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bring about substantial improvement in patient care as well as optimal use of resources. [2] [3] [4] Advantages are that inventory management and surveillance are easy and cost reduction decisions are facilitated.
Some of the relevant inventory control techniques include always, better, and control (ABC) analysis, fast-moving, slow-moving, and nonmoving (FSN) analysis, economic order quantity (EOQ), and vital, essential, and desirable (VED) analysis. [8, 9] FSN analysis is based on the speed of consumption of the items, for EOQ, it is the optimal order quantity, and for VED analysis, it is based on how critical the items are for the functioning of the organization, ABC analyses the costs involved in purchasing the items. [8, 9] These techniques, though variable in their methods, are all aimed at improving the efficiency of the operations. The rationale behind using the ABC-VED techniques in this study is that the items, for which lead times are to be determined had to be prioritized. Of the available range of techniques, a couple of them could be used as a practical measure. ABC-VED uses the cost of items and criticality in patient care, both of which are important for health-care organizations.
The rationale for conducting the study was that there were incidents of stock-outs in the consumable items of surgical stores in Main Hospital, All India Institute of Medical Sciences (AIIMS). Stock-outs of important items could lead to severe hampering of patient care and hospital operations. This can lead to unacceptable negative impact on patient outcomes. Stock-outs can be due to longer lead time. [10] Therefore, to address this issue of stock-outs, the study was conducted to determine high-priority surgical consumables by using the ABC and VED analysis techniques, to calculate the lead time of specific high cost and vital surgical consumables after performing ABC and VED analysis, and the causes for longer lead times, if any, were investigated.
The reason for using ABC and VED analysis is to prioritize from the thousands of available items in the surgical stores of this hospital. This will be done by first classifying the items according to their cost and criticality. After the classification of these items in this manner, the lead times of those items which form the most expensive and critical items will be determined.
mateRials and methods
The study was descriptive in nature and was done for a period of 3 months from January to March 2016. It was a record-based study and secondary data analysis was performed as well. The study comprised all the surgical consumables which were procured during the financial year 2014-2015 in the Surgical stores of the Hospital at AIIMS, New Delhi. Certain items had to be excluded. First, those items whose consumption was very low, i.e., <1000 units/annum were excluded because their impact on overall figures of ABC analysis would be inconsequential overall since most other items were consumed in hundreds of thousand quantities.
Second, those items were excluded too whose prices could not be ascertained as the ABC-VED analysis required prices to for us to determine the annual consumption value (ACV) of the items. Stores ledger containing details of the consumption of the items, supply orders, and procurement files of the items were studied for performing ABC analysis (ACV was calculated by multiplying the unit price of the item with the annual consumption of the item) and calculating lead time (internal and external).
A tool was distributed to the doctors (general surgeon, urologist, surgical gastroenterologist, orthopedic surgeon, obstetrician and gynecologist, general physician, nephrologist, and anesthetist), nursing staff (Sr. nursing officer in charge -surgical stores operation theater and Sr. nursing officer in charge -surgical stores intensive care unit), technical staff (technical officer -OT), and hospital stores personnel (Storekeepers) to categorize the surgical consumables into VED categories after explaining them the criteria for the classification. Majority opinion was used to categorize an item and in case of a tie, i.e., an item being considered vital (V) and essential (E) by equal number of people then such an item was classified as vital. Similar logic was used in case of an item receiving equal votes vis-à-vis essential (E) and desirable (D). This was done as the items are used to deliver health care and availability/ nonavailability of an item can, at times, be a question of life and death.
An analysis was done to find out the AV category of items. The lead time of these items was then found out by perusal of procurement file of every item of AV category. To calculate the lead time for AV category of items, all the steps involved for procurement of an item were studied by reviewing the procurement records. The time consumed form the initiation of purchase pro forma till the generation of purchase order was considered to be the "internal lead time." The external lead time was taken from the issue of purchase order till the receipt of that item in hospital store. This was then followed by determining the instances of stock-outs of these items in a financial year by perusal of online records from the Management Information System known as e-Hospital. For determining the reasons for prolonged lead time and causes for stock-outs, qualitative methods were used by interacting with the store personnel. Only those store personnel were spoken to individually who were responsible for the operations of the stores in a managerial capacity. They all had been working for more than 10 years in the stores section. Focus group discussions (FGDs) and similar techniques could not be used based on various practical considerations at the time of the study such as paucity of time, nonavailability of respondents, and interpersonal dynamics of the persons involved in the operations of stores. MS-Excel 2013 was used to collect the consumption data of the items.
Some of the limitations were that due to various practical reasons FGD could not be done. Furthermore, the results are not inclusive of 100% of the items as some items had to be excluded from the study due to the reasons mentioned above.
Results
A total of 247 surgical consumable items were included in the study. The total expenditure on procurement of these surgical consumables was calculated to be INR.27,87,94,651/-. The following tables summarize the results of ABC and VED analysis [ Tables 1 and 2] .
A composite matrix was prepared using the results of ABC and VED analysis. The items which fell under "A" category as well "Vital" category were included in the AV category. A total of 29 items comprise of AV category and the ACV for these items was calculated to be 1,68,175,990/-[ Table 3 ].
Lead time was calculated as internal lead time, external lead time, and the total lead time in days [ Table 4 ]. The various steps involved in the procurement of surgical consumables and time entailed in each step are enumerated in Figure 1 .
The average internal lead time was 17 days (range 3-30 days). The average external lead time was 25 days (range 5-38 days). However, the median external lead time was 14 days. The maximum allowable external lead time as per the terms of contract is usually 45 days for Indian make items and 60 days for imported items. The average total lead time (internal and external) was 44 days (range 18-98 days).
During informal discussion with store personnel, fund booking was emerged to be a major bottleneck by the store personnel. The other causes for increased internal lead time, according to these discussions, were due to nonavailability of staff to process the documents as well as nonavailability of officials causing delay in the signing of the required documents. The causes for increased external lead time were nonavailability of material with vendor, lack of storage space leading to placing of order of small quantities which in many cases are below the optimal level for the vendor leading to reluctance of the vendor to supply such short quantities. The mean number of stock-outs in AV category items were determined to be 5, i.e., in a financial year, there were 5 stock-outs on average per AV category item.
discussion
Extensive review of literature revealed such studies related to medical stores only. The study has classified all the surgical consumables into the A, B, and C categories based on their ACV which corresponded to 70%, 20%, and 10% of their ACV, respectively. In the current study, vital items comprised the majority (73%) of the total items and essential category of items comprised 26% of all the items, while desirable category comprised only 2% of items. A study [3] reported that 31.9% of the drugs were classified as vital, 53.3% essential, and 14.85 as desirable. In contrast, another study [1] reported only 7.3% as vital, 49.3% as essential, and 43.45 as desirable. Similarly, [4] 12% of the drugs were vital, 59% were essential, and the rest were desirable in another study. The reason for the glaringly significant contrast findings could be because the current study was conducted in the surgical store, whereas above-mentioned studies were conducted in the drug store. Drugs usually have multiple actions and even a single drug may help in treatment of multiple conditions, whereas for the performance of a single procedure, especially surgery, multiple items might be required.
Lead time is defined as the time that elapses between the placement of an order and the receipt of the order into inventory. [11] Cost and quality are still crucial to world-class operations, but today, the focus is squarely on speed. Nearly, all manufacturers today are under pressure from customers to cut lead times. The result is that companies have been putting in significant effort to reduce their lead times. [12] A study [13] reported an internal lead time of 10-20 days and an external lead time of 1-5 days. The current study reported an internal lead time of 3-30 days and an external lead time of 5-38 days. In the context of AIIMS, an external lead time of even 38 days is acceptable which is below the 45 days of allowable time given to the vendors under rate contracts. The reason for internal lead time being low (example 3 days) for some items was because the requirement for that item, at that time, was urgent, and the store personnel had to expedite the entire process through extra efforts which is not feasible for every item.
To decrease the internal lead time, the process for from generation of demand for an item to the ordering of the item from the vendor can be reengineered by eliminating the duplications like signing of officer in charge and store office twice. To decrease the external lead time, the maximum allowable external lead time can be further decreased at the time of tendering itself. Further studies can be conducted to determine the time gap between the time when stock falls to reorder levels to the time when process for purchase of the item starts.
The reorder levels need to be calculated afresh by factoring in the consumption patterns as well as the maximum allowable total lead time. As the total lead time which can be considered to be acceptable emerged to be 60 days approximately, i.e., 2 months, the store needs to order items when the stock available is adequate for 2 months or more. The instances of stock-outs point out that it is not the case presently as orders, being placed, with the current reorder levels/minimum stock levels have resulted in stock-outs. However, the hindrance to such an approach could be limited availability of space in the stores to stock the required inventory for 2 months. In such instances, part supply orders can be placed with the vendor. The problem which arises from such an approach is that vendors refuse to supply such smaller quantities of items. To obviate this trouble, the maximum allowable external lead time can be reduced to 30 days or 15 days according to the consumption pattern and space available during the tender process itself. The time gap between the time when stock falls to reorder levels to the time when process for purchase of the item starts was not calculated in this study, but there is a possibility that an unacceptable gap could be in existence. This needs to be determined from further studies.
In summary, prioritization of inventory can be done using ABC-VED analysis. This ensures that items are both high cost (in terms of overall cost based on volume and unit cost) and highly critical. As stock-outs indicate that there could be some issues in any of steps in the procurement process, each of the steps must be thoroughly evaluated. Every organization follows its unique procedure of procurement. The current study found that there are few unnecessary steps in the procurement procedure of the organization where it was conducted. Furthermore, the 45 days of the time given to the vendor for sending the items can be investigated. Other organizations may conduct such analyses in their settings and may be able to find the reasons for stock-outs in their respective organizations.
conclusions
Hospitals stores need to implement inventory management techniques to reduce the number of stock-outs and internal lead time. The methodology of combining ABC-VED techniques to focus on the most important part of the inventory can advise hospital managers the means of prioritizing their inventory. Such prioritization may enable them to concentrate their efforts on the "vital few." Hospitals need to look at their own processes and determine steps are redundant and can be eliminated. This can decrease the internal lead time. On the other hand, tenders and contracts should be designed in such a manner that the external lead time is minimized to the most tolerable duration. This will ensure that stock-outs are avoided in hospitals.
Recommendations
It is recommended that the store procurement processes be modified appropriately to decrease the lead time to the possible extent and prevent stock-outs. The use of electronic softwares should be considered which can help store personnel in monitoring stocks real-time and addressing issues in the process.
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